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Sutherlandia frutescens (L.) R.Br. (Fabaceae), commonly known as cancer bush, is 
a herb with a long history of traditional use by a variety of cultures. The plant mainly 
grows in the dry parts of southern Africa, mostly in the Western and Eastern Cape as 
well as the neighbouring countries like Lesotho, Botswana and Namibia. Cancer 
bush is traditionally used for the treatment of external wounds, internally for fevers, 
stomach problems, cancer, diabetes, influenza, HIV, depression, eye problems, TB, 
colds and asthma. The plant is famously known for the treatment of Type 2 diabetes, 
cancer and HIV. However, these claims remain inconclusive. Recent studies have 
shown S. frutescens to have antidiabetic, anti-HIV, anti-inflammatory, antibacterial, 
analgesic, anti-stress, anticonvulsant, antiproliferative and antithrombotic activities. 
Phytochemical investigations of S. frutescens leaves detected the presence of high 
levels of free amino acids and non-protein amino acids namely: canavanine, gamma 
aminobutyric acid (GABA) and pinitol. The presence of these compounds has been 
reported to be responsible for its reputed effectiveness in a wide range of illnesses. 
In view of its importance as a multipurpose medicinal crop, it is important to bring this 
plant under cultivation and determine agronomic requirements for its successful 
cultivation. Several factors can be investigated to enhance the growth and increase 
the level of active ingredients.  
 
The current study was aimed at evaluating the effect of pruning and fertilizer levels 
on the growth, phytochemistry and biological activity of Sutherlandia frutescens. 
Seeds were sown in seedling trays to produce seedlings. One-month-old seedlings 
were then transplanted on a prepared field. The study trial was carried out at the 
Agricultural Research Council-Vegetable and Ornamental Plants Research Station 
(ARC-VOP). The experiment was conducted in a randomized complete block design 
(RCBD) with three pruning levels, three fertilizer levels and four replicates. There 
were 9 treatments, namely; no pruning (P0), tip-pruning (P1) and heading back (P2) 
in combination with levels of fertilizers as follows: 200 kg/ha NPK (F1), 100 kg/ha 
NPK (F2) and 0 kg/ha NPK (F0). Plants without treatments were considered as 
controls. Growth parameters taken were plant height, stem diameter, chlorophyll and 
Leaf Area Index (LAI). Dried leaf samples were analysed for the presence of 




There was no significant interaction effect between pruning and fertilizer levels 
amongst all parameters measured in this study. Pruning treatments had a significant 
effect on the LAI at week one and week two but did not affect the plant height, stem 
diameter and chlorophyll content. Different levels of fertilizers had a significant effect 
on the LAI, where 100 kg/ha NPK significantly increased LAI at week one and week 
two. 
 
In an investigation which was conducted from January to May 2015, plants showed 
yellowing, stunting, and high levels of infestation expressed as extensive galling on 
the roots which led to the nematode infestation study. Nematodes were extracted 
from the roots of a healthy living, a wilted and a dead plant, as well as from the 
rhizosphere soil. A small population of Scutellonema, Pratylenchus, Helicotylenchus 
and Tylenchorhynchus were identified. Examination of the root of an infected plant 
revealed the presence of root-knot nematodes (Meloidogyne javanica) in large 
numbers. Juveniles, eggs and females were isolated, and the species were identified 
on the basis of morphological characteristics. Symptoms usually associated with 
root-knot nematodes were observed on the roots of the wilted plant and the soil in 
which the plant was growing.  
 
Extracts from all nine treatments showed stronger activity against α-glucosidase than 
the positive control acarbose. The highest α-glucosidase inhibitory activity was 
demonstrated by the treatment with no pruning (P0) while the heading back (P2) 
treatment exhibited the lowest inhibitory activity. Fertilizer levels at 200 kg/ha (F1) 
NPK resulted in a significantly higher α-glucosidase inhibitory activity compared to 
other fertilizer treatments. 
 
The presence of secondary metabolites (including total phenolics and flavonoids) 
was determined qualitatively. The total phenolic content was determined using the 
Folin-Ciocalteu method and flavonoids were determined using the vanillin HCL 
assay. The study showed that pruning and fertilizer increased the production of 
secondary metabolites in S. frutescens as compared to the control. Fertilizer at 200 
kg/ha NPK (F1) did seem to improve phenolics and flavonoids with pruning but 
phenolic levels were actually quite low when treatment was P0F1. Total phenolics 
and flavonoids were significantly increased by the heading back (P2) treatment and 
decreased in the treatment with no pruning (P0). The application of fertilizer at 200 
xvi 
 
kg/ha NPK (F1) improved the production of secondary metabolites, and reduced 
production of secondary metabolites was recorded in plants that received no 
fertilizer. There was no direct correlation between the level of phytochemicals and 
the antidiabetic activity recorded. 
 
This study examined the effects of different levels of pruning and fertilizers on the 
growth of S. frutescens. The results showed that there was no significant difference. 
At this stage, no positive recommendations can be made for cultivating S. 
frutescens. Plant extracts showed good antidiabetic activities in response to different 
pruning and fertilizer treatments. This was further seen as an increase in the 
production for secondary metabolites. However, further investigation of plant 
cultivation practices and further screening for bioactivities is required. S. frutescens 




CHAPTER 1: General introduction 
 
1.1. Medicinal plants 
 
Medicinal plants are used in treating a wide range of illnesses, maintaining health 
and to prevent specific diseases (FARNSWORTH and SOEJARTO, 1991; RIOS 
and RECIO, 2005). They form an important part of the culture and traditions of 
African people. Medicinal plants are widely used by traditional people all over the 
world and have frequently become more popular in communities as natural 
alternatives to synthetic chemicals (VAN WYK and WINK, 2004). About 25% of 
modern medicines contain compounds extracted from plants as their main active 
ingredients. Frequently, isolated active compounds are channelled into drug 
development (SIMPSON and OGORZALY, 2001). Studies to determine the 
chemical profile and composition of medicinal plants reveal the complexity and 
variety of compounds all contributing to various uses of plants in treating different 
diseases. 
 
South Africa is very rich in plant biodiversity, with many of the plants having a variety 
of medicinal uses. Medicinal plants (locally called muthi) are widely used by 
numerous cultures for their primary health care needs in South Africa. Reports have 
indicated that South Africa has approximately 3000 plant species that are medicinally 
useful (MANDER et al., 2008; VAN WYK and GERICKE, 2000). It is estimated that 
up to 70 000 tonnes of plant material are consumed annually as medicines and are 
sold through informal markets (MANDER and LE BRETON, 2006). Medicinal use 
and trade is no longer limited to traditional healers, but has entered both the informal 
or formal business sectors of the South African economy, which has given rise to the 
large number of herbal gatherers and traders (COCKS et al., 2004). CUNNINGHAM 
(1991) described it as a multi-million Rand hidden economy, with the South African 
trade in traditional medicines valued at R2.9 billion per annum in 2008 (MANDER et 
al., 2008). Herbal medicines are also widely used for therapeutic purposes in urban 
areas by well-educated and modernized South Africans (DOLD and COCKS, 2002; 




1.2. Cultivation of medicinal plants and its importance 
 
Only 10% of medicinal plant species are cultivated and this implies that most of 
medicinal plant materials are still being collected from wild resources (JULSING et 
al., 2007). From the species documented, 93% are being unsustainably collected 
and 34% of the species have been prioritised for conservation management 
(MANDER, 1998). Intensive collection of wild medicinal plants is a serious threat to 
biodiversity, with over 700 plant species actively traded in South Africa (MANDER, 
1998). This has resulted in overexploitation, mis-identification, and damage to the 
population of many species in their natural habitats eventually causing species 
extinction. Cultivation at a large scale remains as the only option for the conservation 
of many species. This will achieve sustainable development and biodiversity 
protection and will also generate an income through farming (SPARG, 2003). Wild 
plants can be saved if more investments are made in the cultivation of highly wanted 
plants (JÄGER and VAN STADEN, 2000). Cultivation also opens channels for 
conducting scientific research as it provides a source of plant material which can be 
used to select and breed high-yielding cultivars. WHO (2003) suggested that if there 
is non-availability of scientific publications or documents on cultivation data of these 
medicinal plants, then traditional methods of cultivation should be followed, where 
practicable. Otherwise a method should be developed through research (WHO, 
2003). 
 
1.3. Commercialization of medicinal plants 
 
Currently only 38 medicinal plant species have been commercialized in southern 
Africa. They are sold in various forms such as teas, tinctures, tablets, capsules and 
ointments (VAN WYK, 2008). Some of the commercially cultivated plants include: 
buchu (Agathosma betulina), rooibos (Aspalathus linearis) and devil’s claw 
(Harpagophytum procumbens). However, these products are mostly sold to 





1.4. Aims and objectives 
 
There is limited understanding of the effect of cultivation practices as well as pre-
harvest conditions on the biological activity of medicinal plants. Therefore, a 
research study on all agronomical aspects on medicinal plants needs to be 
investigated to ensure that the activity is not compromised. Little is known about 
Sutherlandia frutescens as a cultivated crop and there has been an increase of 
interest in its pharmacological activities. Scientific reports have indicated that leaf 
extracts of S. frutescens play an important role in the treatment of HIV/AIDS, cancer 
and diabetes. In addition, the plant also has anti-inflammatory, antioxidant and 
anticonvulsant effects (VAN WYK and ALBRECHT, 2008). There is currently a 
higher demand for Sutherlandia and Sutherlandia-based products than previously. 
Therefore, a better understanding of its optimal cultivation and processing practices 
is needed to assist with successful commercialization. The overall aim of this study 
was to determine whether different pruning levels and application of fertilizers would 
have significant effects on the growth, phytochemistry and biological activity of 
Sutherlandia frutescens. However, an objective to determine the presence, 
distribution, and abundance of plant-parasitic nematodes in S. frutescens was added 
due the fact that a number of plants were observed with stunted growth and severe 
wilting. The objectives of the study were to: 
 
  Investigate the effect of pruning and fertilizers on the growth of S. frutescens;  
  Determine the antidiabetic activity of leaf extracts of S. frutescens using the 
α-glucosidase assay; 
  Evaluate the total phenolics and total flavonoid content of leaf extracts using 
colorimetric assays; and 
  Determine nematode infestation on S. frutescens. 
 
1.5. Organisation of the dissertation 
 
Chapter 1 provides a general introduction to medicinal plants, cultivation of 
medicinal plants and its importance, as well as recommendations on 
commercialization of some important medicinal plants in southern Africa. The 
literature review of S. frutescens, including a detailed overview on the medicinal 
uses, pharmacological uses and phytochemistry, is presented in Chapter 2. An 
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investigation on pruning and fertilizer levels on the growth of S. frutescens is 
presented in Chapter 3. Chapter 4 presents a detailed report of nematode 
screening on S. frutescens. The investigation, including materials and methods of 
the techniques used to determine the antidiabetic properties of the plant extracts of 
S. frutescens, are presented in Chapter 5. Chapter 6 contains extraction procedures 
of the plant material, determination of total phenolics and flavonoid levels. Chapter 7 
summarises and concludes the thesis. This chapter also provides some 









Sutherlandia frutescens (L.) R.Br (Lessertia) is a well-known multipurpose medicinal 
plant in southern Africa (MOSHE, 1998; VAN WYK and ALBRECHT, 2008). It is 
commonly known as the cancer bush because of its reported use against cancer. 
Other common names include balloon-pea (English), umnwele (Xhosa and Zulu), 
kankerbos (Afrikaans) and lerumo-lamadi in Sotho (XABA, 2007). The plant is 
traditionally used as a medicinal remedy by different cultural groups including the 
Zulu, Xhosa, Sotho, Khoi-san and Cape Dutch, for treatment of stomach ailments, 
fever, diabetes, internal cancers, stress, asthma, wounds and arthritis (STANDER et 
al., 2007; VAN WYK and ALBRECHT, 2008; STREET and PRINSLOO, 2012). It is 
reported that the cancer bush plays an important role in the treatment of HIV/AIDS-
related illness, cancer and diabetes. It has anti-inflammatory, antioxidant and 
antimutagenic effects (HARTNETT et al., 2005; CHADWICK et al., 2007; 
STANDER et al., 2007). 
 
Sutherlandia frutescens belongs to the family Fabaceae, commonly known as the 
legume, pea or bean family. Their roots have nitrogen-fixing nodules (ROBERTS, 
1990; VAN WYK et al., 1997; CHADWICK et al., 2007). The Fabaceae embraces 
more than 600 genera and 12000 species worldwide and is represented by 134 
genera and more than 1300 species in southern Africa (JACKSON, 1990). There are 
five closely related species that are often confused with S. frutescens, these are: S. 
humilis, S. microphylla (commonly known as bitterblaar), S. montana (the mountain 
cancer bush), S. speciosa and S. tomentosa (known as eedjies) (PHILLIPS and 
DYERS, 1934; XABA, 2007; VAN WYK and ALBRECHT, 2008). Using enzyme 
electrophoresis, MOSHE (1998) had shown that some of these species are actually 
subspecies and that only two main species should be recognized, namely: S. 
frutescens and S. tomentosa. The genus Sutherlandia has been sunk into the genus 
Lessertia DC by GOLDBLATT and MANNING (2000) due to the assumption that 
Sutherlandia represents an adaptation to bird pollination. This remains to be 
validated by means of morphological or genetic analysis (VAN WYK and 
ALBRECHT, 2008). The transfer of Sutherlandia to Lessertia required a name 
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change for the two species (S. frutescens and S. tomentosa) to Lessertia frutescens 
and Lessertia canescens, respectively (GOLDBLATT and MANNING, 2000). 
 
2.2. Taxonomic and botanical description 
 
Cancer bush is a perennial short-lived shrub with the height reaching up to 2 m. The 
stems are glabrous or sparsely pubescent, with numerous leaves which are 
pinnately compound borne mainly towards the tip. The leaflets are 4-10 mm long 
(Figure 2.1. A-C), grey green in colour and have a bitter taste (XABA, 2007). The 
plant produces orange-red flowers (up to 35 mm long) from July to December 
(Figure 2.1. A-C). The fruits are large, bladdery and papery pods are about 1.3-2 
mm long and as wide (PHILLIPS and DYERS, 1934). The attractive, butterfly-like 
red flowers are pollinated by sunbirds. The lightweight, papery, inflated pods enable 




















Figure 2.1: (A) Sutherlandia frutescens (L.) R.Br. planted at the Agricultural 
Research Council-Vegetable and Ornamental Plants Research Station, Roodeplaat, 
Gauteng, GPS coordinates: 25°59"S28°35"E (ARC-VOP), (B) Flowers and, (C) Pods 








The plant is widely distributed throughout the dry areas of southern Africa, being 
abundant in the south Western and Northern Cape Provinces (Figure 2.2), where it 
grows in the savannah and on hillsides near streams in drier areas (VAN WYK and 
ALBRECHT, 2008).  
 
 
Figure 2.2: Distribution map of Sutherlandia frutescens (L.) R.Br. in southern Africa. 




Sutherlandia frutescens is a fast-growing plant which tolerates all soil types. The 
plant can grow in arid areas that have been disturbed (XABA and NOTTEN, 2003). 
Ecologically, legumes are known for fixing nitrogen in the soil through a symbiotic 
relationship with bacteria. The bacteria infect the roots, forming nodules. Inside the 
nodules atmospheric nitrogen, which plants cannot use, is converted to ammonia 
(XABA, 2007). The plant supplies sugars for the bacteria, while bacteria provide the 
biological useful nitrogen that the plant absorbs. According to the evaluation by The 
Red List of South African plants (2005), S. frutescens is not threatened. 
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2.5. Medicinal uses  
 
The medicinal use of cancer bush is reported to have originated from the Khoi-san 
and the Nama people. Sutherlandia frutescens has been widely used by local 
traditional cultures for the treatment or relief of diseases such as cancers, HIV/AIDS, 
diabetes, stress and anxiety, inflammation, pain, and wounds (HARNETT et al., 
2005; VAN WYK and ALBRECHT, 2008). These uses make S. frutescens an ideal 
plant to study in order to reveal if and how the extracts are responsible for the 
treatment of these diseases. Branches and roots can be used to make strong 
decoctions. VAN WYK and ALBRECHT (2008) stated that the plant can be used as 
fodder for cattle because of the high levels of its free and protein-bound amino acids. 
 
There have been reports on S. frutescens indicating that it can be used to improve 
the overall health in HIV/AIDS patients by improving appetite, improving CD4 counts 
and reducing the viral load (CHAFFY and STOKES, 2002; WHO, 2002; HARNETT 
et al., 2005; BESSONG et al., 2006). The plant can assist with reducing muscle 
wasting in cancer patients, treating anxiety and depression (TAI et al., 2004). S. 
frutescens is still one of the most commonly used medicinal plants in the Western 





The chemistry of Sutherlandia frutescens has been studied by Professor Ben-Erik 
van Wyk and Dr Carl Albrecht. They identified bioactive chemicals in S. frutescens 
extracts including novel triterpenoid glycosides (currently known as SU1), GABA 
(gamma-aminobutyric acid), L-canavanine, pinitol, several flavonoids and non-
protein amino acids (VAN WYK and ALBRECHT, 2008). Hot water appeared to be 
the best extraction solvent for polyphenols with the total phenolic content and total 
flavonoid content with hot water extracts being 12.9 ± 0.2 μg gallic acid 
equivalents/mg and 28.7 ± 0.3 μg quercetin equivalents/mg of dried S. frutescens, 
respectively (TOBWALA et al., 2014). TAI et al. (2004) conducted research which 
confirmed the presence of canavanine, gamma aminobutyric acid (GABA) and 
arginine in commercial S. frutescens tablets using gas chromatography/mass 
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spectrometry (GC/MS) and liquid chromatography/mass spectrometry (LC/MS). 
Laboratory experiments by SHAIK et al. (2010) have shown that the yields of 
medicinal phytocompounds are higher in in vitro-grown leaf extracts than in field-
grown leaf and wild leaf extracts. The five known compounds are: Gamma 































2.6.1. Gamma aminobutyric acid (GABA)  
 
Gamma aminobutyric acid (GABA) is a four-carbon (Figure 2.3) amino acid and an 
important efficient neurotransmitter inhibitor which is principally located in the 
nervous system of some animals. It is known as the “brain's natural calming agent” 
and inhibits over-stimulation of the brain. GABA may help promote relaxation and 
ease nervous tension (ZHANG et al., 2006). It is important for brain metabolism, 
where it also decreases neuron activity preventing them from over-firing. It has been 
used as a drug to reduce stress, depression, anxiety, panic and insomnia (MAYER 
et al., 1990; BOLARÍN et al., 1995; MOTEETEE and VAN WYK, 2007).  
 
Commercial samples of S. frutescens were found to contain 0.23-0.85 mg/g of GABA 
(VAN WYK and ALBRECHT, 2008). The compound forms during the 
decarboxylation of glutamate (EBADI, 2007). The presence of GABA also justifies 
the use of S. frutescens in treating anxiety and stress. ABDOU et al. (2006) reported 
that it may play a role in the general improvement of the mood and well-being which 
could be observed after consuming S. frutescens. Previous studies have indicated 
GABA to be used in the treatment of depression, lowering high blood pressure, 
bipolar disorder, seizures, as well as preventing weight loss in HIV/AIDS and cancer 
patients (PETTY et al., 1993; TAI et al., 2004). GABA also inhibits tumour cell 




Pinitol (Figure 2.3) is a type of sugar found in many legumes and it is classified as a 
D-chiro-inositol which acts as a second messenger in different metabolic processes 
including blood sugar metabolism (LARNER, 2002; MILLS et al., 2005). It has been 
shown that pinitol has an insulin-like effect and could be of great use as a dietary 
supplement in the treatment of hyperglycemia. It is a known antidiabetic agent and is 
also said to be responsible for preventing weight loss and inflammation in HIV/AIDS 
patients (NARAYANAN et al., 1987; OSTLUND and SHERMAN, 1996). Using 
HPLC analysis, MOSHE (1998) found that S. frutescens contains up to 14 mg/g 
pinitol dry weight in leaves. BATES et al. (2000) tested the effects of pinitol in an 
animal model, where overweight diabetic mice (Type 2 diabetes) and STZ mice 
(Type 1 diabetes) were given 100 mg pinitol/kg body weight. This resulted in the 
12 
 
reduction of hyperglycemia. Pinitol assists with diabetes by lowering blood sugar 
levels, making glucose more available for cell metabolism (VAN WYK and 
ALBRECHT, 2008). 
 
2.6.3. L-Canavanine  
 
L-Canavanine is a toxic, non-protein amino acid produced by more than 500 
leguminous plants (LI et al., 2001). It is mostly found in seeds and has a structure 
analogous to that of L-arginine (VAN WYK and ALBRECHT, 2008). This compound 
has antimicrobial, anticancer, anti-viral activities, and inhibition properties for 
influenza virus and retroviruses (GREEN, 1988; CROOKS and ROSENTHAL, 1994; 
SWAFFAR, 1995; VAN WYK et al., 1997). L-Canavanine (Figure 2.3) is also a 
selective inhibitor of inducible nitric oxide synthase and is used in the treatment of 
septic shock (a syndrome associated with advanced stages of HIV/AIDS) and 
chronic inflammation (ANFOSSI et al., 1999; VAN WYK and GERICKE, 2000; 
DALVI, 2003). Studies found an average of 2.2 mg of L-canavanine per dry weight of 
S. frutescens leaf material. Analysis of S. frutescens confirmed the presence of 
canavanine in commercial material and recorded a level of 3 mg/g dry weight (TAI et 
al., 2004). 
 
2.6.4. L-Arginine  
 
S. frutescens leaf extracts were analyzed and found to contain high levels of the 
amino acids; asparagine, proline and arginine (VAN WYK and ALBRECHT, 2008). 
The presence of L-arginine (Figure 2.3) is important because it is an antagonist of L-
canavanine that decreases the anti-proliferative activity of canavanine. There is 




2.6.5. Triterpenoid glycosides 
 
These compounds were first detected in Sutherlandia microphylla leaves by 
BRÜMMERHOFF (1969) and VILJOEN (1969) but the chemical structures were not 
determined. A pure compound known as SU1 was isolated from S. frutescens leaf 
extracts (GABRIELSE, 1996; VAN WYK and ALBRECHT, 2008). 
 
Commercially produced Sutherlandia frutescens material was found to contain a 
cycloartane-type triterpene glycoside (Figure 2.3) known as sutherlandioside (SU) 
(FU et al., 2008). Four cycloartane-type triterpenoids, which stimulate appetite and 
are known for contributing to the adaptogenic and immune-boosting effects of S. 
frutescens, were isolated by FU et al. (2008). These four compounds are known as 
sutherlandioside A (SU2), B (SU1), C and D. About 56 different triterpene glycosides 
have been detected and the mixture of cycloartane-type triterpenoid glycosides 
varies geographically in South Africa (VAN WYK and ALBRECHT, 2008). 
ALBRECHT et al. (2012) found that plants that differ due to geographic positioning 
can be identified based on chemical profiling. 
 
2.7. Pharmacological activities 
 
Previous studies have indicated S. frutescens extracts to have a wide diversity of 
pharmacological activities. The antidiabetic activities may be due to the presence of 
pinitol. It was indicated that the presence of canavanine may also contribute to the 
anticancer activity (VAN WYK and ALBRECHT, 2008). Some of the most important 
pharmacological activities are: cancer, diabetes and HIV/AIDS (VAN WYK and 




A number of compounds were identified from isolated S. frutescens extracts that are 
known to have a direct anticancer effect and that act as an immune stimulant. L-
Canavanine, considered as a leaf metabolite, was initially thought to be responsible 
for antiproliferative effects (SEIER et al., 2002). Currently it is also known that 
triterpenoids of S. frutescens (structurally related to cycloartane-type triterpenoids) 
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are responsible for antiproliferative effects and have been shown to have cancer 
chemopreventive activity (KIKUCHI et al., 2007; VAN WYK and ALBRECHT, 
2008). CHINKWO (2005) stated that aqueous extracts could induce apoptosis in 
cultured carcinoma cells, in neoplastic cells and in Chinese Hamster Ovary Cells.  
 
A study by STANDER et al. (2007) indicated that breast adenocarcinoma cells died 
(significant decrease of up to 50%) as a result of apoptosis and autophagy after their 
exposure to S. frutescens extracts (1.5 mg/ml). Methanol extracts of S. frutescens 
inhibited the DNA binding of NF-kB activated by 12-O-tetradecanoylphorbol-acetate 
(TPA) in MFC10A human breast epithelial cells in a dose dependent manner (NA et 
al., 2004). It was concluded that the inhibition of TPA-induced COX-2 expression 
through suppression of DNA binding NF-kB may contribute to the chemo-protective 
activity of S. frutescens. Dichloromethane extracts of S. frutescens have been shown 




The use of S. frutescens as an anti-diabetic agent is due to the presence of high 
levels of pinitol (MOSHE, 1998). The presence of pinitol, L-canavanine, and other 
amino acids in S. frutescens were also found to have an anti-diabetic activity, directly 
or via anti-inflammatory and NO-inhibitory activity. RAWS 264.7 cells incubated with 
S. frutescens extracts were only insignificantly affected in their expression levels of 
the pro-inflammatory cytokines, TNF-α and IL-1β (SIA, 2004; TAI et al., 2004). The 
anti-inflammatory and NO-inhibitory activity increases insulin sensitivity at cellular 
levels and protects β-cells against free oxygen radicals (SIA, 2004; VAN WYK and 
ALBRECHT, 2008). 
 
There was an increase in glucose uptake in peripheral tissues, intestinal glucose 
uptake reduction and no weight gain in pre-diabetic rats receiving S. frutescens leaf 
extracts (CHADWICK et al., 2007). Extracts were shown to lower the glucose 
concentration in the blood system. The greatest effect was observed with a dose of 
100 mg/kg D-pinitol, which significantly decreased plasma glucose by 12% (P<0.05) 
at 2 h and 22% (P<0.02) at 6 h (BATES et al., 2000). S. frutescens shoot aqueous 
extracts (50-800 mg/kg) were shown to reduce glucose uptake in STZ-treated mice. 
The plant extract (50-800 mg/kg) had a significant (p < 0.05-0.001) effect against 
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fresh egg albumin-induced acute inflammation and was also hypoglycemia 
significant (p < 0.05-0.001) in rats (OJEWOLE, 2004). Studies have concluded that 
S. frutescens extracts show promise as a medication for Type 2 diabetes, but there 




Sutherlandia frutescens tablets improved the mood and appetite of patients with 
AIDS (CHAFFY and STOKES, 2002; JOHNSON et al., 2007; VAN WYK and 
ALBRECHT, 2008). Sutherlandia frutescens has been reported to have antiviral 
activity due to the presence of L-canavanine (VAN WYK and ALBRECHT, 2008). 
Organic and aqueous extracts from leaves and flowers were shown to have 
inhibitory effects on HIV reverse transcriptase and HIV target enzyme activity which 
makes the HIV virion less infective (HARTNETT et al., 2005). Using the absolute 
CD4 count DAVIDSON (2006) showed a significant decrease with a p-value of 0.041 
after exposure to S. frutescens and according to HIV guidelines the significant 
change in the absolute CD4 cell count in the setting of a stable CD4 percentage 
implies that there is immunological stability. 
 
In a recent study by AFRICA and SMITH (2015) S. frutescens aqueous extracts 
decreased IL-1β secretion significantly (P < 0.0001), but exacerbated both monocyte 
chemoattractant protein-1 (P < 0001) - a major role player in HIV-associated 
neuroinflammation - and CD14+ monocyte infiltration across the BBB (P < 0.01). 
 
2.7.4. Other activities 
 
Reports indicated that S. frutescens extracts have anti-inflammatory, anti-analgesic 
and antibacterial activities. OJEWOLE (2004) reported statistical records of anti-
inflammatory activity and in vivo analgesic activity. FERNANDES et al. (2004) found 
antioxidants to have superoxide and hydrogen peroxide scavenging activities at 
concentrations as low as 10 mg/ml, which contribute to the anti-inflammatory effects 
of S. frutescens hot water extracts. TOBWALA et al. (2014) also found S. frutescens 
extracts to have significant antioxidant potential using different solvent extracts 
where hot water extract possessed the highest radical scavenging ability (39%) 
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among all S. frutescens extracts. S. frutescens ethanolic extracts showed a 
concentration dependent antiproliferative effect on several human tumor cell lines 
but did not show significant antioxidant effects (TAI et al., 2004). A first report on 
antibacterial activity against Staphylococcus aureus, Enterococcus faecalis and 
Escherichia coli was done by KATERERE and ELOFF (2005a) where a hexane 
extract was active against these bacterial strains (S. aureus, E. faecalis and E. coli) 
with MIC values of 0.31, 1.25 and 2.50 mg/ml, respectively. In vivo studies by 
OJEWOLE (2007) found S. frutescens shoot aqueous extracts to have 
anticonvulsant properties of the plant against pentylenetetrazole (PTZ), picrotoxin 
(PCT) and bicuculline (BCL) induced seizures in mice. In this study S. frutescens 
shoot aqueous extract (SFE, 50–400 mg/kg) antagonized pentylenetetrazole (PTZ)-
induced seizures, antagonized picrotoxin (PCT)-induced seizures, but only weakly 
antagonized bicuculline (BCL)-induced seizures. Sutherlandia frutescens leaf 





There is a long traditional use of Sutherlandia frutescens with no reports of any side 
effects (VAN WYK and ALBRECHT, 2008). The only side effects to have been 
reported are dryness of the mouth, occasional mild diarrhoea, and dizziness in 
cachectic (wasting syndrome) patients (MILLS et al., 2005). SEIER et al. (2002) 
conducted the first toxicity study of S. frutescens herbal products, where vervet 
monkeys were given 0, 1, 3 and 9 times the recommended daily dose of 9.0 mg/kg, 
which was administered for a period of 3 months. There were no side effects found 
from a detailed evaluation of haematological, clinical-biochemical and other 
behavioural variables. The toxicity of S. frutescens extracts was studied by 
OJEWOLE (2004) where Balb C albino mice were intraperitoneally administered 
with aqueous extracts of S. frutescens. The lethal dose (LD50) calculated was 1280 ± 
71 mg/kg which led to the conclusion that crude extracts of Sutherlandia are 
probably safe to mammals. The consumption of S. frutescens products may interact 
with anti-retroviral or with insulin or with other diabetic medication (SIA, 2004; MILLS 
et al., 2005; BROWN et al., 2008). The presence of L-canavanine content may be 
associated with S. frutescens toxicities. This non-protein amino acid may, after long 
term usage, affect the B-cell function resulting in auto-immunity (MILLS et al., 2005).  
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2.9. Commercialization and cultivation status 
 
The first small scale cultivation and commercialization in South Africa started 20 
years ago in the Eastern Cape where dried leaves were supplied to local health 
shops (VAN WYK and ALBRECHT, 2008). Cancer bush is commercially available in 
various forms, such as capsules, tinctures, creams, tablets and tea bags (Figure 
2.4). They can be found in pharmacies and herbal shops. Phyto Nova (Pty) has large 
scale cultivation of Sutherlandia and is the distributor of both the powered 
encapsulated forms (Novacalm) of this herb, and has attempted to evaluate the 
purported benefits of this remedy in HIV/AIDS treatment.  
 
 
Figure 2.4: Sutherlandia frutescens products (A) Capsules 
(www.medicoherbs.co.za), (B) Tincture (www.africanbotanicals.com), (C) Cream 
(www.africanbotanicals.com), (D) Tablets (www.organicafricanredtea.com), (E) 










3.1.1. Medicinal plants and cultural practices 
 
Medicinal plants have been considered as resources for a healthy lifestyle, however, 
these plants have for a long time been neglected in terms of domestication and 
conservation (OFORI et al., 2012). There is growing concern about diminishing 
populations, loss of genetic diversity, extinctions and habitat degradation of 
traditional medicinal plants. A more viable long-term alternative is to increase the 
cultivation of medicinal plants. This offers the opportunity to optimize yield and 
achieve a uniform, high quality product (OFORI et al., 2012). Cultivation methods for 
a number of medicinal plants have been developed but large scale cultivation of 
medicinal plants on farm lands is needed. Little is known about the cultivation of 
Sutherlandia frutescens, although the plant can grow in most soil types. To maximize 
the yield and quality of plants, agronomic practices should be optimized (OWUOR et 
al., 2009). Fertilizer, pruning, application of growth regulators and harvesting are 
cultural or agronomic practices that affect yield and quality of plants. Other factors 
that affect yield and quality parameters are seasonal variation as well as cultivar type 




Pruning is the selective removal of parts of a plant for several purposes. The 
technique is beneficial for a variety of plants under natural exposed sunlight or 
greenhouse conditions (SARKKA and ERIKSON, 2003), as it improves the overall 
performance of plants. This method is done to control plant growth, manipulate 
branching, to compensate for transplant injury, to encourage flowering and fruit 
production and to promote plant health. Non-pruning of plants can result in reduced 
growth of shoots which may be due to a short-term reduction of cell activity of older 
shoots, causing a decline in yield (ZIESLIN and MOR, 1981). Pruning should take 
place during the late spring or early summer where pruning wounds can heal quickly 
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and reduce the incidence of disease infection (VAN OOSTEN, 2006). Pruning also 
helps the plant to produce more secondary metabolites (ASREY et al., 2013). 
MEHDI et al. (2006) reported that all the pigment contents of black tea, except 
chlorophyll, were higher in pruned tea leaves than unpruned tea, thus enhancing the 
quality. Intense pruning has been reported to decrease total photosynthesis 
(BALANDIER et al., 2000) and carbon fixation (GYENGE et al., 2010) of trees. In 
addition, heavy pruning can interrupt the normal translocation of water and nutrients, 





Fertilizers play a vital role in the production of certain crops and their application is 
one of the quickest and easiest ways of increasing yield per unit area. To 
successfully manage plant nutrition, it is important to understand the relationship 
between plant nutrient requirements and maximum growth rate (KELLY and 
ERICSSON, 2003). 
 
Fertilization has been a component of improved cultural practices for most crops 
under frequent cultivation. Chemical fertilizers can lead to high crop yield but can 
also lead to ground water pollution after harvest and can affect plant quality. In a 
good soil fertility management programme, proper timing and good fertilization are 
necessary to maintain high levels of crop production (i.e. yield) (HARPER, 1983). 
The major nutrients required for crops include: Nitrogen (N), Phosphorus (P) and 
Potassium (K). A sufficient supply of these nutrients is known to have a positive 




Nitrogen (N) is important in yield production and helps foliage to grow. More 
importantly, plants use nitrogen for photosynthesis. It contributes primarily towards 
development of vegetative components of the plant (PAPADOPOULOS, 1998). 
Nitrogen is a major constituent of amino acids and proteins, with about 85% of the 
plant’s N present as proteins and only 5% as nucleic acids (BENTON-JONES, 2005; 
BARKER and BRYSON, 2007). Excess application of N results in overly vegetative 
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plants, makes them susceptible to diseases and insect attack, and impairs blossom 




Phosphorus (P) enables a plant to store and transfer energy as a linkage binding site 
in ADP/ATP (SANCHEZ, 2007). Phosphorus forms an important linkage group in 
membrane phospholipids, nucleotides and nucleic acids (SANCHEZ, 2007). It 
promotes root, flower and fruit development and increases disease resistance. It is 
only required in small quantities for normal plant growth as it can be toxic if applied 




Potassium (K) taken up by the plant as K+ cation is an essential nutrient for plant 
growth. Potassium is essential for many metabolic functions. It is involved in many 
metabolic processes including osmotic control, enzyme activation, carbohydrate 
production and partitioning, and anion/cation balance (BALLIU and IBRO, 2002). 
Plants lacking in K+ show retarded growth, leaf edges become flaccid and chlorotic 
stripes starting at leaf tips develop on the margins of older leaves (MENGEL, 2007).  
 
There has been an increase in demand for S. frutescens for traditional use and as 
well as by pharmaceutical companies. Therefore, cultivation has been considered as 
a viable means of decreasing the pressure on natural populations of S. frutescens. 
Commercial cultivation of S. frutescens is hindered by lack of agronomic information 
for the cultivation of the crop. Data that describe the effect of pruning and fertilizer on 
growth of S. frutescens is lacking. Therefore, this study was undertaken to determine 
the effect of pruning and fertilizers on the growth of S. frutescens. 
 
3.2. Materials and methods 
 
3.2.1. Study site 
 
This trial was conducted at the experimental fields of the Agricultural Research 
Council-Vegetable and Ornamental Plants (ARC-VOP), Roodeplaat, Pretoria, South 
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Africa (25°59"S, 28°35"E). Prior to planting, soil samples from the site were collected 
for routine analysis. A summary of the results is presented in Table 3.1. 
 
Table 3.1: Soil nutrient composition of the study site at the Agricultural Research 
Council-VOP, Roodeplaat, Pretoria (25°59"S, 28°35"E). 
 
Soil analysis was done at the ARC-ISCW, Pretoria. 
 
3.2.2. Experimental design and sampling 
 
3.2.2.1. Seedling production 
 
Seeds of Sutherlandia frutescens were obtained from the medicinal plant gene bank 
ARC-VOP, Roodeplaat. The seeds were washed with water and sown in seed trays 
filled with a commercial growth medium, Hygromix® (Hygrotech, South Africa) in 
September 2014. They were covered with a thin layer of vermiculite after seeding. 
They were allowed to grow under a greenhouse facility. Watering was carried out 
every day with a watering can, depending on the climatic conditions. To reduce loss 
of water from the transplants, uniform and healthy seedlings (2 months old) were 
transplanted early in the morning in a spacing of 0.8 m x 1 m in November 2014.  
 
  









3.2.2.2. Land preparation 
 
The field was ploughed and harrowed. The field was demarcated, lined and pegged 
one week before transplanting. The area was divided into four blocks. Each block 
was further divided into nine plots, each plot measuring 5 m x 5 m. A distance of 1 m 
was left between blocks and plots (6 data plants and 14 border plants). 
 
3.2.2.3. Experimental design and treatments 
 
The experiment was laid out as a randomized complete block design (RCBD) with 
four replications. The treatments were: 1) three levels of pruning, no pruning (P0), 
tip-pruning (P1) and heading back (P2); and 2) three fertilizer (NPK; 2:3:2 -Vita 
Grow) levels F0=0 g/plant (control), F1=25 g/plant, and F2=12.5 g/plant (200, 100 
and 0 kg/ha application rates) giving a total of 9 treatments. Fertilizers were applied 
using the bend placing method. Tip-pruning (P1) was done by cutting back the 
growing tip of the main shoot. Heading back (P2) was performed by cutting back the 
terminal portion of branches to the level of a bud. No pruning (P0) involved leaving 
plants intact with no pruning during the experiment. These treatments were applied 
in February 2015.  
 
3.2.2.4. Cultural practices 
 
Weeds were controlled in the beds mainly by hand-hoeing. Uprooting of weeds 
around the plants was occasionally done. Irrigation was done once a week for two 
hours, using sprinklers. 
 
3.2.3. Data collection 
 
Growth parameters were taken from 5-month-old plants at weekly intervals. All 
growth parameters were recorded from six replicates. Plant height was recorded 
from each plot using a measuring tape. The measurements were taken from the soil 
level to the highest point of the stem apex and the mean was calculated. Chlorophyll 
content was measured by using a digital chlorophyll meter (Minolta chlorophyll meter 
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SPAD-502). Stem diameter was measured at 30 cm from the ground, using a digital 
Vernier calliper (KTV150-Major Tech). LAI was determined using an LAI 2200 plant 
canopy analyser (Li-cor Bioscience, USA). The instrument uses measurements 
made from above and below the canopy to calculate the light interception at five 
zenith angles, from which LAI was computed using a model of radiative transfer in 
vegetative canopies. 
 
3.2.4. Statistical analysis 
 
Statistical analyses were performed by means of the Statistix 10.0 (Analytical 
software, USA) programme. Data collected was subjected to 2-way analysis of 
variance (ANOVA) and treatment mean differences were compared by using the 
least significant difference (LSD) test at 0.05 as suggested by PANSE and 
SUKHATME (1978). 
 
3.3. Results and discussion 
 
The influence of all treatments on plant growth was observed throughout the 
experiment. The results obtained for the field trial on plant height, stem diameter, 
chlorophyll content and Leaf Area Index (LAI) following different pruning levels and 
fertilizer levels are presented in Tables 3.2, 3.3, 3.4 and 3.5.  
 
Treatments had no significant (p>0.05) effect on S. frutescens plant height. Although 
the treatments interactions were not significantly different, pruning by heading back 
(P2) slightly improved the plant height. Heading back shortens the existing branches 
to a more desired length and stimulates shoot growth below the cut (EVANS, 2003). 
It is assumed that because of this, the plant height was enhanced. The results 
obtained are also supported by those of WADE and WESTERFIELD (1999) who 
report that a pruned plant re-grows to restore a balance between the shoot and root 
systems. 
 
High levels of fertilizer at 200 kg/ha NPK were not as effective as 100 kg/ha NPK 
(Table 3.2). According to OKONWU and MENSAH (2012) there are species and 
community specific responses and adaptations that enable plants to cope with 
specific nutrient limitations. In this case the application of 100 kg/ha NPK fertilizers 
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could have improved soil conditions along with better uptake of nutrients, which 
provided better conditions to the crop, resulting in improved plant height. ZHILIN et 
al. (1997) reported that plant height is increased significantly due to nitrogen 
application. This increase might be due to the positive effect of nitrogen on plant 





Table 3.2: Effect of different levels of pruning and fertilizer on plant height (m) of 
Sutherlandia frutescens cultivated at the Agricultural Research Council-VOP, 
Roodeplaat, Pretoria. 
 
Means having the same letter along the columns indicate no significant difference 
(P< 0.05), P0= No pruning, P1= Tip-pruning, P2= Heading back, F0=0 kg/ha NPK, 
F1=200 kg/ha NPK and F2=100 kg/ha NPK 
 
  
Treatments Week 1 Week 2 Week 3 Week 4 
Fertilizer 
levels (kg/ha) 
    
F0 1.10a 1.03a 1.07a 1.08a 
F1 1.14a 1.17a 1.20a 1.21a 
F2 1.15a 1.24a 1.26a 1.27a 
LSD at 0.05 0.20 0.26 0.28 0.28 
Pruning levels      
P0 1.10a 1.10a 1.14a 1.14a 
P1 1.17a 1.14a 1.15a 1.15a 
P2 1.13a 1.19a 1.24a 1.26a 
LSD at 0.05 0.20 0.26 0.28 0.28 
Interactions     
P0F0 0.90a 0.93a 1.01a 1.00a 
P0F1 1.18a 1.23a 1.25a 1.25a 
P0F2 1.12a 1.15a 1.16a 1.16a 
P1F0 1.22a 0.98a 0.98a 0.97a 
P1F1 1.10a 1.21a 1.20a 1.21a 
P1F2 1.20a 1.25a 1.26a 1.27a 
P2F0 1.20a 1.18a 1.21a 1.26a 
P2F1 1.08a 1.24a 1.27a 1.28a 
P2F2 1.10a 1.14a 1.24a 1.25a 
LSD at 0.05 0.34 0.46 0.49 0.49 
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The results (Table 3.3) indicated that the application of different levels of fertilizer, 
pruning levels as well as their interaction insignificantly affected the stem thickness. 
The results showed that growth of pruned plants was not significantly different from 
unpruned (control) plants, indicating that removal of branches did not affect the 
photosynthetic capacity of these plants (GYENGE et al., 2010). Previous studies on 
Pinus ponderosa (GYENGE et al., 2010) and Acacia nilotica (SIDDIQUI et al., 2010) 
indicated that pruning had a negative effect on stem diameter. Pruning might have 
decreased the resources that would be used for stem growth. 
 
Applications of fertilizer levels did not significantly affect stem diameter. This 
response may be due to factors in the soil affecting phosphorus availability. The 
fertility of the soil can be enhanced by application of organic and inorganic fertilizers 
but use of any fertilizer type depends on several factors such as soil type, crop and 
socio-economic conditions of the area (HAMDEN and FADNI, 2010). The role of 
phosphorus is meant to help the plant with establishment and formation of a strong 
root system. The strong root system absorbs more nutrients including micronutrients 
from the soil, which contributes towards rapid plant growth (HARI et al., 2006). 
However, in this case, the availability of phosphorus might have been affected by 
phosphorus fixation by the type of soil on which the experiment was conducted. The 
alkaline pH of the soil could also be responsible for the solubility and thus availability 
of phosphorus. According to CUBERA and MONERO (2007), fertilization can also 





Table 3.3: Effect of different levels of pruning and fertilizer on stem diameter (mm) of 
Sutherlandia frutescens cultivated at the Agricultural Research Council-VOP, 
Roodeplaat, Pretoria. 
 
Means having the same letter along the columns indicate no significant difference 
(P< 0.05), P0= No pruning, P1= Tip-pruning, P2= Heading back, F0=0 kg/ha NPK, 
F1=200 kg/ha NPK/ha and F2=100 kg/ha NPK 
 
  
Treatments Week 1 Week 2 Week 3 Week 4 
Fertilizer levels 
(kg/ha) 
    
F0 13.96a 20.24a 21.71a 22.23a 
F1 15.10a 23.45a 25.48a 22.67a 
F2 14.04a 22.63a 26.87a 27.56a 
LSD at 0.05 2.85 6.18 5.75 5.57 
Pruning levels      
P0 13.228a 22.66a 24.68a 26.96a 
P1 15.545a 19.96a 23.25a 23.67a 
P2 14.348a 23.71a 23.71a 26.96a 
LSD at 0.05 2.85 6.18 5.75 5.57 
Interactions     
P0F0 9.96a 17.48a 19.03a 19.04a 
P0F1 16.11a 24.44a 26.65a 25.99a 
P0F2 13.60a 26.05a 28.08a 29.08a 
P1F0 16.92a 19.29a 18.46a 19.50a 
P1F1 14.82a 24.11a 26.48a 26.84a 
P1F2 14.88a 16.47a 24.82a 25.12a 
P2F0 15.01a 23.96a 27.39a 28.24a 
P2F1 14.37a 21.79a 23.31a 24.18a 
P2F2 13.65a 25.38a 27.71a 28.48a 
LSD at 0.05 4.94 10.71 9.97 9.64 
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Chlorophyll content in the leaves has always been regarded as a measure of the 
health status of the plant (CORTAZAR et al., 2015). Table 3.4 shows the chlorophyll 
content in the leaves of S. frutescens in response to different pruning and fertilizer 
treatments. Pruning leads to enhancement of branching and hence a greater number 
of tender leaves. In this study pruning did not have any significant effect on the 
chlorophyll content of S. frutescens. DAGIT and DOWNER (2002) reported that 
pruning could interrupt the normal translocation of water and nutrients, increasing 
effects of water stress. It is reported that pruning can also decrease total 
photosynthesis (BALANDIER et al., 2000) and carbon fixation (GYENGE et al., 
2010). Pruning can also imbalance the hydraulic system at the level of the whole 
plant.  
 
Studies have shown that the addition of fertilizers can enhance the growth and 
productivity of crops, as sufficient macro- and micro-elements will be made available 
to the plant for normal growth (MUCHERU-MUNA et al., 2013). The addition of 
fertilizers did not have a significant difference on the chlorophyll content of S. 
frutescens (Table 3.4). This is probably due to the availability of the necessary 
macro- and micro-nutrients for chlorophyll synthesis already being sufficient in the 
soil. NI et al. (2001) reported that biotic and abiotic factors such as water stress, 
heat stress, insect feeding and aging of the plant can also cause chlorophyll 
degradation. A study by MATHOWA et al. (2012) reported a significant decrease in 
leaf chlorophyll content, which is related to plant growth due to leaching of essential 
plant nutrients after irrigation treatments. Treatment interactions did not have a 





Table 3.4: Effect of different levels of pruning and fertilizer on chlorophyll content of 
Sutherlandia frutescens cultivated at the Agricultural Research Council-VOP, 
Roodeplaat, Pretoria. 
Treatments Week 1 Week 2 Week 3 Week 4 
Fertilizer 
levels (kg/ha) 
    
F0 20.25a 16.0a 21.29a 19.60a 
F1 27.78a 18.06a 17.71a 18.21a 
F2 28.17a 19.29a 19.96a 18.63a 
LSD at 0.05 7.68 6.14 8.29 6.46 
Pruning levels      
P0 23.14a 17.20a 19.46a 20.68a 
P1 26.57a 16.22a 19.94a 15.87a 
P2 23.14a 20.01a 19.56a 19.89a 
LSD at 0.05 7.68 6.14 8.29 6.46 
Interactions     
P0F0 19.28a 15.08a 23.71a 21.13a 
P0F1 26.17a 19.22a 19.26a 18.84a 
P0F2 23.99a 17.31a 15.43a 22.08a 
P1F0 18.80a 14.09a 21.63a 13.75a 
P1F1 30.08a 18.54a   19.14a 18.34a 
P1F2 30.84a 16.04a 19.07a 15.51a 
P2F0 22.68a 19.08a 18.55a 23.91a 
P2F1 27.10a 16.42a 14.75a 17.44a 
P2F2 29.70a 24.53a 25.39a 18.32a 
LSD at 0.05 13.30 10.64 14.36 11.19 
Means having the same letter along the columns indicate no significant difference 
(P< 0.05), P1= No pruning, P1= Tip-removal, P2=head backing, F0=0 kg/ha NPK, 





According to WATSON (1947) LAI drives both the within and the below canopy 
microclimate, determines and controls canopy water interception, radiation 
extinction, water and carbon gas exchange. Table 3.5 shows the weekly readings 
(means across treatments) for LAI. There was some significant difference in terms of 
treatment interactions in week one and week two. P2F1 (heading back and 200 
kg/ha NPK interaction) had a significantly higher LAI in week one compared to other 
treatments, with P0F0 (control) having the lowest. This could be attributed to fertilizer 
that was dissolved and released nutrients, which were absorbed by the plants and 
enhanced better shoot growth. Significant increases in the LAI has been reported to 
be enhanced by increasing nitrogen rates (VALADABADI and HOSSEIN, 2010). 
CALATAYUD et al. (2008) reported that pruned plants have a higher capacity to 
promote the photosynthetic light reaction, a larger number of metabolic sinks and a 
higher turgor pressure compared with non-pruned plants. In week two P0FI had a 
higher LAI amongst other treatments. 
 
Since LAI depends on growth in leaf area (BROWN, 1984), the LAI in unpruned 
plants would, at any time during growth of the plants, be higher than the plants that 
were pruned. Because of this, pruning did not have any significant difference on the 
plant LAI. 
 
The application of fertilizers did not have any effect on the leaf area index of S. 
frutescens from week three to week four. These results contradict those of TAYLOR 
et al. (1993) and GASTAL and LEMAIRE (2002) who reported that nitrogen has an 
effect on cell division and cell expansion, which can lead to an increase in leaf area. 
Nitrogen deficiency in plants decreases the growth rate. Again the results are 
consistent with those of FREDEEN et al. (1989) who stated that the reduction of leaf 
expansion, number of leaves and leaf surface area are common symptoms of 
phosphorus deficiency. HUBER (1985) reported that the symptoms of insufficient 
potassium levels often resulted in reduced leaf expansion leading to reduced leaf 
size. BREDA (2003) also reported that the decrease in the LAI can be affected by 




Table 3.5: Effect of different levels of pruning and fertilizer on the Leaf Area Index 
(LAI) of Sutherlandia frutescens cultivated at the Agricultural Research Council-VOP, 
Roodeplaat, Pretoria. 
Treatments Week 1 Week 2 Week 3 Week 4 
Fertilizer 
levels (kg/ha) 
    
F0 1.10a 0.89b 0.99a 1.00a 
F1 1.29a 1.49a 1.39a 1.49a 
F2 1.50a 1.04ab 1.05a 1.25a 
LSD at 0.05 0.47 0.51 0.54 0.53 
Pruning levels      
P0 1.09a 1.29a 1.23a 1.14a 
P1 1.35a   0.97a  0.91a  1.37a  
P2 1.46a 1.15a 1.29a 1.23a 
LSD at 0.05 0.47 0.51 0.54 0.53 
Interactions     
P0F0 0.70c 1.13a 1.09a 0.95a 
P0F1 1.02bc 1.67ab 1.47a 1.34a 
P0F2 1.55ab 1.08ab 1.13a 1.13a 
P1F0 1.69ab 0.85ab 1.06a 1.05a 
P1F1 0.98bc 1.41ab 1.54a 1.49a 
P1F2 1.24abc 0.87ab 0.75a 1.47a 
P2F0 0.92bc 0.67b 0.84a 0.99a 
P2F1 1.87a 1.38ab 1.15a 1.63a 
P2F2 1.71ab 1.18ab 1.28a 1.14a 
LSD at 0.05 0.8230 0.89 0.95 0.92 
Means having the same letter along the columns indicate no significant difference 
(P< 0.05), P0= No pruning, P1= Tip-pruning, P2=Heading back, F0=0 kg/ha NPK, 






There was no significant interaction effects between pruning and fertilizer levels for 
all parameters measured in this study. There is no evidence that pruning and NPK 
had beneficial effects on the growth of S. frutescens. This is shown on the data 
collected on plant height, stem diameter, chlorophyll content and LAI. However, 
there were some significant differences in terms of treatment interactions for the LAI 
at week one and week two. For future research, the long-lasting effect of fertilizer 








Medicinal plants serve as important cash crops world-wide (SIMON, 1986). Due to 
the extensive use of medicinal plants and natural compounds used as 
pharmaceuticals, nutraceuticals and in cosmetics, applied research in the field of 
plant pests and diseases are important steps in the process of increasing their 
quantity and quality. For plants to maintain the quality and amount of active 
ingredients, specific conditions should be considered. Among plant pathogens, 
nematodes are of high pathogenicity and the damage due to them is estimated at 
about one hundred million US$ dollars annually (PARK et al., 2004).  
 
The phylum Nematoda (round worms) have been in existence for over a billion 
years, making them one of the most ancient and diverse types of organisms on earth 
(WANG et al., 1999). Nematodes are multicellular organisms in the group 
Ecdysozoa and are characterized by their ability to shed their cuticle. Most of them 
are free-living and feed on bacteria, fungi and protozoans. Others are parasites of 
animals (invertebrates and vertebrates) and plants (LAMBERT and BEKAL, 2002). 
Plant parasitic nematodes (Figure 4.1) are one of the main factors limiting plant 
growth (NICOL, 2002). They can feed as ectoparasites or endoparasites (COYNE 
and ROSS, 2014). They directly limit plant growth by the physiological responses to 
their feeding which expose their hosts to an array of pathogenic fungi and bacteria 
(COYNE et al., 2014). The root-knot (Meloidogyne spp.), cyst (Heterodera spp.), 
reniform (Rotylenchulus spp.), and citrus (Tylenchulus semipenetrans) nematodes 
are the most commonly known plant-parasitic nematodes. These nematodes can 
produce large numbers of eggs, which remain in their bodies or accumulate in 





4.1.1. Nematode biology and identification 
 
Plant-parasitic nematodes are fairly easy to detect using a standard compound 
microscope. The identification of nematodes requires a detailed morphological 
analysis, growth of the nematode on different host plants, and or DNA or isozyme 
analysis (LAMBERT and BEKAL, 2002). The most common morphological features 
used in the identification of nematodes includes: the mouth cavity, the shape and 
overlap of the pharyngeal glands with the intestine, size and shape of the nematode 
body at the adult stage, size of the head, tail, and number and position of ovaries in 
the female (MAI et al., 1996). 
 
Plant-parasitic nematodes come in a variety of shapes and sizes. The typical 
nematode shape is a long and slender worm-like organism, but often adults are 
swollen and may not resemble worms (Figure 4.1). Their length ranges from 0.25 
mm to >1.0 mm long, with some up to 4.0 mm. Nematodes have a body cavity that is 
not totally surrounded by mesoderm, so they are pseudocoelomic (LAMBERT and 
BEKAL, 2002). In females the reproductive organs are characters used for 
identification because the number of ovaries and the position of the vulva in the 
female nematode body are easily seen under the light microscope, while male 










The plant-parasitic nematodes are distributed world-wide, mostly in warm and 
tropical areas. Meloidogyne javanica, together with Meloidogyne incognita, are the 
most common parasites of plants in South Africa, causing greater economic damage 
than other plant-parasitic nematodes (KLEYNHANS et al., 1996; VAN DER WAL, 
1999). Nematodes have also been recorded in protected agricultural areas and 
around many temperate research stations and other areas of intensive horticulture 
(YANG et al., 1991). 
 
4.1.3. Life cycle 
 
The life cycle of plant-parasitic nematodes has 6 stages: eggs, four juvenile stages 
and the adult (Figure 4.2). Male and female nematodes occur in most species, but 
reproduction can also occur without males since some species are hermaphrodites 
(COYNE et al., 2014). Egg production by the individual completes the cycle. A range 
of between 50 and 500 eggs per female are produced, depending on the nematode 
species and their environment, but some can produce more than 1,000 eggs. The 
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length of the life cycle varies considerably, depending on nematode species, host 
plant, and the temperature of the habitat. Most plant nematodes complete their life 
cycles in about four weeks. In females, the reproductive organs are characters used 
for identification because the number of ovaries and the position of the vulva in the 
female nematode body are easily seen under the light microscope, while male 

















































Figure 4.3: Morphological features of male and female plant parasitic nematodes. 
(Schumann and D ‘Arcy, 2012). 
 
4.1.4. Plant nematode-interactions 
 
Nematodes feed on roots, stems, leaves, flowers and seeds. They feed from plants 
in a variety of ways, but all use a specialized spear called a stylet. The size and 
shape of the stylet is used to classify nematodes and can also be used to infer their 
mode of feeding (LAMBERT and BEKAL, 2002). When nematodes feed on plant 
cells, large lesions are formed in the plant tissue. Some nematodes do not kill the 
plant cells, they feed upon but “trick” the plant cells to enlarge and grow, and as a 
result producing one or more nutrient-rich feeding cells for the nematode (LAMBERT 
and BEKAL, 2002). 
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Many plant-parasitic nematodes feed on the roots of plants. This feeding process 
damages the plant root system and reduces the ability of the plant to absorb water 
and nutrients (LAMBERT and BEKAL, 2002). The damage caused by nematodes in 
plants also provides an opportunity for other plant pathogens to invade the root and 
thus further weakens the plant. Nematodes can be grouped by their feeding 
behaviour and motility into three main groups: migratory endoparasites that feed 
inside the plant root tissue; sedentary endoparasites, that, once they have reached a 
feeding site inside the plant, cease to be mobile and feed from a fixed location; and 
ectoparasites that feed on the plant from the outside (COYNE et al., 2014).  
 
4.1.5. Symptoms caused by nematode damage 
 
The major challenges in identifying nematodes as the causal damaging agent of 
crops is the fact that most nematodes do not produce highly diagnostic symptoms, 
which are specific and easy to identify (COYNE et al., 2014). Symptoms caused by 
nematodes are often non-specific and easily confused with symptoms caused by 
other abiotic or biotic stresses. For instance, chlorosis which may be due to nitrogen 
deficiency, poor soil fertility, moisture stress, or may be due to nematodes (COYNE 
et al., 2014). Symptoms of nematode damage are found both above and below 
ground. Above ground nematode symptoms include; chlorosis, inflorescence 
necrosis, stunted growth and wilting or leaf rolling, while below ground symptoms 
include; galling, stubby roots, root lesions, root or tuber necrosis, rotting or death, 
root or tuber cracking and deformed roots. 
 
As outlined in Chapter 3, Section 3.2.2 above-ground symptoms (mentioned above) 
were noticed in 3-month-old S. frutescens plants grown at ARC-VOP, Roodeplaat, 
Pretoria. Information with regards to association of plant parasitic nematodes with 
the crop is often not available. Therefore, this study was conducted to determine the 








The field trial for S. frutescens was conducted at the Agricultural Research Council-
Vegetable and Ornamental Plants Research Station, Roodeplaat, Pretoria (25°59"S 
28°35"E) as outlined in Chapter 3, Section 3.2.2. During the investigation from 
January to May 2015, plants were observed with stunted growth (Figure 4.4) and 
severe wilting. Roots of a dead plant, a wilted plant and a healthy plant were 
collected for nematode examination. In all cases, soil samples from the specific 
spots where plants were growing were collected. Screening for nematodes was done 
on a dead plant, a wilted plant and a healthy living plant. Screening for nematodes 
was also done using soil samples. 
 
 
Figure 4.4: Sutherlandia frutescens exhibiting chlorosis, wilting and stunted growth 





4.2.2. Extraction of nematodes from the roots 
 
Nematodes were extracted from 20 g root material using the maceration and 
blending method (HUSSEY and BARKER, 1973). The root systems in the samples 
were gently washed free from soil. Infected roots were cut into small pieces and 
blended for 30 seconds in 1% sodium hypochlorite (NaOCI) and passed through a 
nest of sieves of 68 µm and 25 µm pore diameter using a strong stream of tap water. 
Nematodes from the 25 µm sieve were counted using a light microscope and 
examined for morphological identification. 
 
4.2.3. Examination of nematodes from the soil 
 
Nematode extraction of soil samples was achieved using the modified sugar-
floatation and centrifugation method (KLEYNHANS, 1997). The soil samples were 
poured into five litres of tap water and stirred to suspend the nematodes from the 
soil. When the swirl had stopped, an aliquot was quickly passed through a 250 µm, 
0.63 µm and 0.25 µm nest of sieves. Nematodes on the bottom sieve were washed 
into 100 ml centrifuge tubes. A teaspoon of kaolin was then added in each tube to 
separate nematodes from the soil and centrifuged at 1800 rpm for 5 min. The water 
was discarded and nematodes allowed to settle at the bottom of the tubes with kaolin 
and soil particles. A 490 g sugar/L mixed with water was poured into the centrifuge 
tubes and stirred once prior to centrifuging for 1 min at 1800 rpm to suspend 
nematodes in the sugar solution. The aliquot was then decanted onto 0.25 µm mesh 
sieves. The sugar was rinsed off with tap water to free nematodes and the 
nematodes, which were collected from 0.25 µm mesh sieves, were poured into a 100 
ml container for counting under a stereomicroscope and examined for morphological 
identification. 
 
4.3. Results and discussion 
 
Population counts identified five genera of plant nematode species namely: 
Meloidogyne, Scutellonema, Pratylenchus, Helicotylenchus and Tylenchorhynchus 





Table 4.1: Plant-parasitic nematode population found in Sutherlandia frutescens 
roots cultivated at the Agricultural Research Council-VOP, Roodeplaat, Pretoria. 





Healthy living plant 
 Soil Roots Soil Roots Soil Roots 
Helicotylenchus spp 15 0 40 0 0 0 
Meloidogyne javanica 0 0 65 jj 92 jj,58♀♀, 
2800 eggs 
0 0 
Pratylenchus zeae 40 0 0 17 5 0 
Scutellonema brachyrus 870 0 1305 33 485 15 
Tylenchorhynchus 
brevilineatus 
20 0 20 0 15 0 
Key: jj=second stage juveniles; ♀♀=females 
 
The major above-ground symptoms of nematode damage were stunted growth, 
wilting and chlorosis (yellowing) (Figure 4.4), while the below-ground symptoms 
were root rotting, necrosis and small black lesions. The observations on the roots 
(Figure 4.5) revealed the presence of rotting roots similar to damage caused by root-
knot nematodes (Meloidogyne javanica). Symptoms usually associated with root-
knot nematodes were observed on the roots of the wilted plant. To confirm the 
species identification second stage juveniles (92), females (58) and eggs (2800) 
were identified using morphological characteristics (Table 4.1). Pratylenchus spp. is 
the second most abundant plant pathogenic nematode after the root-knot nematode. 
They are distributed throughout the world and feed on a wide range of important 
crops (YU et al., 2012). Pratylenchus zeae (lesion nematodes) were found in the soil 
of dead and wilted plants and in the roots of the wilted plant. As confirmation, small 




Scutellonema brachyurus (spiral nematodes) were found in large numbers (1305) in 
the soil where the wilted plant occurred, followed by 870 found in the soil where the 
dead plant was dug up. Scutellonema brachyurus is found in all nine provinces of 
South Africa and has also been reported numerous times at Roodeplaat (MARAIS, 
2006). However, this appears to be the first report of S. brachyurus associated with 
S. frutescens. 
 
Helicotylenchus spp. (spiral nematodes) are ectoparasites that feed on the exterior 
of the root. They were found in low numbers in soils where both dead and wilted 
plants were obtained. Tylenchorhynchus brevilineatus was also detected in small 
numbers in both dead and wilted plants (Table 4.1). Generally, where low nematode 
numbers result from a biological cause, the soils are referred to as suppressive 
(STIRLING, 1991; ALABOUVETTE, 1993). Where they result from abiotic factors, 
the soils can be referred to as resistant (AMIR and ALABOUVETTE, 1993). The 
observed variations in nematode densities can be caused by climate and plant host. 
Nematode densities can be influenced by biological, chemical and physical 
components of the soil (UPADHYAY et al., 1972; CUC and PROT, 1992). Most of 
the observed nematodes are of limited or unknown pathogenicity (SIPES et al., 
2005). Of the nematodes observed in this study, M. javanica is considered to be 

















The possible reason for high infestation of nematodes on the S. frutescens trial site 
is monoculture. The crop was planted in the same field for three consecutive years 
and this may have encouraged the build-up of nematodes. S. frutescens was 
susceptible to nematodes and it did not survive or withstand the infestation. Most 
nematodes were found in the roots of a wilted plant which indicates that S. 
frutescens is a good host (Table 4.1). The conditions for nematode growth were 
favourable and enhanced nematode reproduction. This was visually observed by the 
increased number of eggs on the roots. No nematodes were identified in the dead 




Five genera of plant parasitic nematodes were identified in root and soil samples 
where the plants were cultivated. A number of ectoparasite and endoparasite 
parasitic nematodes were found associated with S. frutescens. A wilted plant was 
found to contain a large number of nematodes. Both S. brachyurus and M. javanica 
were found in the roots and soils of the wilted plant. Reports on the association of 
Meloidogyne species with S. frutescens and their damage has not previously been 
reported in South Africa. However, it appears that plants were infested by nematode 
communities already existing in the soil of the field. This is also the first report of S. 




CHAPTER 5: Effects of pruning and fertilizers on the antidiabetic activity of 




Diabetes mellitus (DM) is a chronic metabolic disorder caused by a lack of insulin. It 
is characterized by hyperglycemia with disturbances of carbohydrate, fat and protein 
metabolism resulting from defects in insulin secretion, insulin action or both (WHO, 
1999; DE FRONZO, 2004). DM is one of the world’s most serious health concerns, 
developing increasingly with the increase of obesity and advancing age in the 
general global population (RENGASAMY et al., 2013). In 2000 it was approximated 
that 171 million people in the world have DM and the number is estimated to reach 
366 million by 2030 (WHO, 2004). The disease is classified into 3 major categories: 
Type 1 DM, Type 2 DM and gestational DM. 
 
Diabetes mellitus is very common and a prevalent disease affecting citizens in both 
developed and developing countries. The global prevalence of diabetes varies from 
10.2% in the western pacific to 3.8% in the African region. According to the 
AMERICAN DIABETES ASSOCIATION (1997), Asia and Africa are regions with the 
greatest potential increase in DM. In South Africa the number of people with diabetes 
has risen over the past two decades, with 1.28 million recorded in 2010. This number 
is expected to reach 1.64 million by 2030 (SHAW et al., 2010). Type 2 DM is rapidly 
emerging as a major public health problem in South Africa (RHEEDER, 2006). The 
prevalence of diabetes is reported to be higher in men than in women (WILD et al., 
2004). Population growth, urbanization, increasing obesity and physical inactivity are 
thought to be the main factors responsible for the increasing prevalence of Type 2 
DM (WILD et al., 2004). Reports have stressed high mortality from diabetes, 




5.1.1. Type 1 diabetes mellitus 
 
Type 1 DM is insulin dependent. It was previously termed as juvenile-onset diabetes 
(JOD) due to its occurrence in children and young adults (PIETROPALO, 2001). It is 
characterized by auto-immune destruction of insulin-producing beta cells which leads 
to insulin deficiency (KUKREJA and MACLAREN, 1999). The lack of insulin leads 
to augmented blood and urine glucose. Typical symptoms are polyuria, polydipsia, 





Figure 5.1: Pathogenesis of Type 1 diabetes mellitus (KUMAR et al., 1992). 
 
5.1.2. Type 2 diabetes mellitus 
 
Type 2 DM (commonly known as non-insulin DM) is a metabolic disorder that is 
characterized by excessive hepatic glucose production, decreased insulin secretion 
from pancreatic beta cells, and insulin resistance in peripheral tissue such as muscle 
adipose and the liver (AHMED, 2006; COOKE and PLOTNICK, 2008). It was 
previously known as maturity-onset diabetes. Type 2 DM predominantly affects 
patients aged 40 years and above and recently, it was shown to occur in adolescent 
children. It is a polygenic disorder with obesity-related insulin resistance playing a 
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convincing data to indicate a genetic component associated with insulin resistance 
(Insulin resistance is a feature of the off-springs of parents with Type 2 diabetes). 
Factors such as obesity, a sedentary life style, pregnancy and hormone excesses 
are also causes of insulin resistance. The pathogenesis of insulin resistance and 
Type 2 DM is summarized in Figure 5.2. Deterioration into impaired glucose 
tolerance occurs where either insulin resistance increases or the insulin secretory 
responses decrease, or both (DE FRONZO, 2004). It is likely that 10-20% of 
individuals with Type 2 DM were initially diagnosed with Type 1, or a slowly 
progressing Type 1, called latent autoimmune diabetes (LADA). Postprandial 
hyperglycemia plays an important role in the development of Type 2 DM and chronic 




















5.1.3. Gestational diabetes mellitus 
 
Gestational diabetes mellitus is a type of diabetes which develops during pregnancy 
and may improve or disappear after delivery. About 4% of pregnant women develop 
DM due to metabolic changes during pregnancy. Although they revert back to normal 
glycemia after delivery, these women are prone to develop DM later in their lives 
(MAYFIELD, 1988). 
 
5.1.4. Medicinal plants for diabetes 
 
Medicinal plants have been used since ancient times for treatment and management 
of DM among different cultures throughout the world (BAILEY and DAY, 1989; 
HEINRICH et al., 2004; GURIB-FAKIM, 2006). They continue to play an important 
role in the management of DM, especially in developing countries, where many 
people do not have access to antidiabetic therapies (GROVER et al., 2002; 
KATERERE and ELOFF, 2005b). In developing countries, the use of antidiabetic 
herbal remedies is reported to have been declining due to the introduction of insulin 
and synthetic oral hypoglycaemic agents. However, in recent years there has been a 
renaissance of interest in medicinal plants with hypoglycaemic potential (HAQ, 
2004). The renewed interest in herbal antidiabetic remedies in developed countries 
is believed to have been motivated by several factors, including side effects, high 
secondary failure rates and the cost of synthetic antidiabetic remedies (GURIB-
FAKIM, 2006). 
 
Ethnopharmacological surveys indicated that more than 1200 plants are used in 
traditional medical systems for their alleged hypoglycaemic activity (MARLES and 
FARNSWORTH, 1995). The hypoglycaemic activity of plants has been evaluated 
and confirmed in animal models (GUPTA et al., 2005; KESARI et al., 2006). 
However, the mechanism of action whereby most of these plants lower the blood 
glucose level remain speculative. Very little has been reported on the antidiabetic 
activity of S. frutescens. OJEWOLE (2004) reported the hypoglycaemic effects of S. 
frutescens extracts in streptozotocin-induced (STZ) diabetic rats. CHADWICK et al. 
(2007) reported similar findings in rats fed with a diabetogenic diet. The extracts 
demonstrated the ability to normalize insulin levels and glucose uptake in peripheral 
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tissues and suppress intestinal glucose uptake. There is no information on 
antidiabetic activities of S. frutescens in response to pruning and fertilizer treatments 
cultivation. Therefore this study was aimed at evaluating different pruning and 
fertilizer levels on the antidiabetic activity of S. frutescens. 
 
5.2. Materials and methods 
 
5.2.1. Plant collection 
 
Sutherlandia frutescens leaves were harvested from plants in all of the treatments. 
Leaves were taken from similar positions on all plants and they were of the same 
approximate size and age. They were oven dried at 50 ºC. Dried plant materials 
were ground into powders using a mill and stored at room temperature. 
 
5.2.2. Extraction  
 
The powdered leaf material (2 g) of S. frutescens was extracted in 40 ml of 50% (v/v) 
methanol in a sonication bath for 1 h at 15 ºC. Temperature was maintained by 
addition of ice to the water bath. The extracts were filtered under vacuum through 
Whatman No. 1 filter paper at 30 ºC and dried at room temperature until a constant 
weight was reached. 
 
5.2.3. Alpha-glucosidase inhibitory activity 
 
Alpha-glucosidase inhibitory activity was determined as previously described by TAO 
et al. (2013) with slight modifications using 96-well microtiter plates. Briefly, yeast α-
glucosidase (0.1 Unit/ml) was dissolved in 0.1 M potassium buffer (pH 6.8), to serve 
as the enzyme solution. The substrate, 0.375 mM of p-nitrophenyl-α-D-gluco-
pyranoside (pNPG) was prepared in the same buffer (pH 6.8). The sample extracts 
were dissolved in dimethylsulfoxide (10 mg/ml) (DMSO) to give final assay 
concentrations of 0.16, 31, 63 and 125 µg/ml, respectively. Each extract (20 µl) and 
enzyme solution (20 µl) was mixed in the microtiter plate. The reaction was initiated 
by adding 40 µl substrate. The reaction mixture was incubated at 37 ºC for 40 min. 
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After incubation, 80 µl (0.2) of sodium carbonate in 0.1 M potassium phosphate 
buffer (pH 6.8) was added to each well to quench/stop the reaction. The amount of 
p-nitrophenol (pNP) released was quantified using an Opsys MR 96-well microplate 
reader at 405 nm. The control experiment contained the same reaction mixture, but 
the sample was replaced with the same volume of phosphate buffer. Acarbose 
dissolved in DMSO was used as a positive control. The determinations were carried 
out in triplicate. The percentage inhibition (%) was calculated by using the following 
equation.  
 
% Inhibition = (Acontrol-Aextract)/Acontrol × 100 
 
Where Acontrol and Aextract are the absorbance values of the control and extract 
respectively at 405 nm. The IC50, which is the extract concentration required for 
enzyme inhibitory activity was determined for each extract. 
 
5.2.4. Data analysis 
 
Regression analysis for calculating the IC50 was done using GraphPad Prism 
software (version 4.03). A significant difference between means was determined by 
least significant difference (LSD) test (p < 0.05) using Statistica (Southern African 
Analytic, RSA). 
 
5.3. Results and discussion 
 
Effective control of postprandial hyperglycemia is important in the early intervention 
and prevention of Type 2 DM (RATNER, 2001). There is pressure to develop new 
drugs for Type 2 DM and this has been stimulated by the increase in the incidence of 
the disease world-wide (NATHAN, 2007). Alpha-glucosidase inhibitors play a major 
role in the management of hyperglycemia by delaying the postprandial increase of 
the blood glucose after a mixed carbohydrate diet (PULS et al., 1997). The inhibitory 
effects of S. frutescens at different pruning and fertilizer levels against α-glucosidase 
was evaluated to determine the antidiabetic effects of the plants. The results of α-
glucosidase inhibitory activity can be seen in Table 5.1. All treatments showed 
stronger activity against α-glucosidase than the positive control acarbose, with IC50 
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values ranging from 22.39 µg/ml to 63.31 µg/ml. The lower the value, the higher the 
quality of enzymatic inhibition. Treatment interaction P2F2 (heading back and 100 
kg/ha NPK interaction) was the most potent at 125 μg/ml concentration with 
inhibitory activity of 72.75% and IC50 of 42.4 µg/ml compared to other treatments 
(Table 5.2). The highest α-glucosidase inhibitory activity was obtained from plants 
that were not pruned (P0), with an IC50 value of 22.39 µg/ml, whereas tip-pruning 
(P1) exhibited the lowest inhibitory activity.  
 
Table 5.1: Alpha-glucosidase inhibitory activity IC50 (µg/ml) of Sutherlandia 
frutescens leaf extracts in response to different pruning and fertilizer treatments. 










Acarbose 103.4 ± 8.90a 
Inhibitory concentrations are expressed as mean ± SEM (n=3). Mean values 
followed by different letters are significantly different (P<0.05). Treatments: P0=No 
pruning, P1= Tip-pruning, P2= Heading back, F0= No fertilizer, F1=200 kg/ha NPK 
and F2=100 kg/ha NPK. 
 
Fertilizer treatment (P < 0.05) significantly affected the α-glucosidase inhibitory 
activity of the leaves of S. frutescens (Table 5.1). Results showed that the 
application of fertilizers significantly increased α-glucosidase inhibitory activity as 
compared to the zero fertilizer application (0 kg/ha NPK). It shows that S. frutescens 
inhibits the activity of α-glucosidase better than acarbose in a smaller concentration. 
The observed increased ability of the leaves of S. frutescens to exhibit strong 
inhibitory activity against α-glucosidase in response to fertilizer treatment might be 
related to the enhanced synthesis and accumulation of phytochemicals (alkaloids, 
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phenols, saponins, steroids, tannins and other plant chemical substances) by this 
plant as a result of fertilizer treatment. The enhanced production of phytochemicals, 
vitamins and other plant chemical substances by plants as a result of fertilizer 
treatment has been reported by DAS et al. (2006) and KOLOZIEJ (2007).  
 
Screening of α-glucosidase inhibitors from plants and synthetic sources are 
increasing (GHOLAHOSEINAN et al., 2008). Previous studies on α-glucosidase 
inhibitors isolated from other medicinal plants suggest that several potential inhibitors 
belong to the flavonoid class which has features of α-glucosidase activities (KWON 
et al., 2007b). Flavonoids also have beneficial health effects for human beings and 
several studies have shown that intake of flavonoids improves health and fights off 
chronic diseases such as cancer, Type 2 diabetes and heart disease (PAN et al., 
2010). Inhibition of α-glucosidase is a key factor in carbohydrate digestion. It 
hydrolyzes glycosidic bond in polysaccharide chains to monosaccharides such as 
glucose. Therefore, acarbose as α-glucosidase inhibitor can be used in diabetic 





Table 5.2: Percentage inhibition of α-glucosidase of Sutherlandia frutescens leaf 
extracts in response to different pruning and fertilizer treatments (mean ± SEM, n = 
3)  









































































Treatments: P0=No pruning, P1= Tip-pruning, P2= Heading back, F0= No fertilizer, 




Polyphenolic compounds in plants have long been recognized to inhibit the activities 
of digestive enzymes because of their abilities to bind proteins (GRIFFITHS and 
MOSELEY, 1980). Reports by KWON et al. (2007a) had shown natural α-
glucosidase inhibitors from plants to be effective and therefore can potentially be 
used as an effective therapy for postprandial hyperglycemia with minimal side 
effects. The present study indicated that S. frutescens has potential in management 




The experiment showed that pruning at different levels has little effect on the activity 
of cancer bush. This was indicated by the higher α-glucosidase inhibitory activity in 
unpruned plants. In the present study, it was observed that the use of fertilizer at 200 
kg/ha NPK resulted in higher α-glucosidase inhibitory activity as compared to the use 
of fertilizer at 100 kg/ha NPK. It was also noted that higher rates of fertilizer 
enhanced the α-glucosidase inhibitory activity. The expected bioactive component 
could be pinitol as literature indicates a clear link between the compound and the 
antidiabetic activity of S. frutescens. This study also suggests that one of the 
mechanisms by which this plant displayed the antidiabetic potential is by the 









Secondary metabolites are plant products with no known nutritional and 
photosynthetic functions (HARTMANN, 1991). They can be classified based on their 
chemical structure, composition, solubility in various solutes and or pathways 
(KENNEDY and WIGHTMAN, 2011).  
 
Plant secondary metabolites are mainly involved as ultra violet ray protectants, 
defence against herbivores and pathogens, as well as regulators of seed 
germination (MAKKAR et al., 2007). They serve as attractants for pollinators and 
seed-dispersing animals. They also function as agents of plant-plant and plant-
microbe symbiosis. Secondary metabolites are reported to play a major role in the 
adaptation of plants to the environment and additionally represent a paramount 
source of pharmaceuticals (KENNEDY and WIGHTMAN, 2011). Due to their diverse 
biological activities, secondary metabolites have been utilized as medicinal 
components for centuries. Most pharmaceuticals and cosmetics are based on 
secondary metabolites (BOURGAUD et al., 2001). Phytochemical compounds are 
divided into three major groups depending on their structures namely: phenolic 
compounds, terpenoids and alkaloids (KENNEDY and WIGHTMAN, 2011). 
Secondary metabolites are viewed as potential sources of new natural drugs, 
antibiotics, insecticides and herbicides (CROZIER et al., 2006). 
 
6.1.1. Phenolic compounds 
 
Phenolic compounds are secondary plant metabolites, which are important 
determinants in the sensory and nutritional quality of fruits, vegetables and other 
plants (TOMAS-BARBERAN et al., 2001; LAPORNIK et al., 2005). Simple 
phenolics have at least one hydroxyl group attached to an aromatic ring while 
polyphenolics have two or more hydroxyl groups attached to a matrix of aromatic 
rings. They possess a wide range of biochemical activities such as antioxidant, 
antimutagenic and antimicrobial activity (MARINOVA et al., 2005). Phenolic 
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compounds are reported to contribute to quality in food production in terms of 
modifying colour, taste, aroma and flavour, besides health effects (NDHLALA et al., 
2007). 
 
Flavonoids are the largest group of phenolic compounds. They can be divided into 
sub-groups namely: flavones, flavonols, flavanones, isoflavones, flavan-3-ols, and 
anthocyanins (KENNEDY and WIGHTMAN, 2011). The flavones and flavonols are 
the most widely distributed of all the flavonoids. Flavonoids occur in different plant 
parts both in a free state and as glycosides. Studies have reported flavonoids to 
have many biological activities including antimicrobial, mitochondrial adhesion 
inhibition, antiulcer and antiarthritic (SULAIMAN and BALACHANDRAN, 2012). 
Flavonoids are categorically beneficial, acting as antioxidants and providing 
protection against cardiovascular diseases, certain forms of cancer and age cognate 
degeneration of cell components (JOHN et al., 2014).  
 
Due to the increase in importance of medicinal plants, there are several factors that 
can be investigated to increase the levels of active ingredients. There is no data 
documented on the effect of pruning and fertilizer on the chemical composition of S. 
frutescens. This study was aimed to investigate the effect of different pruning and 
fertilizer levels on total phenolic and total flavonoid contents in S. frutescens 
cultivated at the Agricultural Research Council-VOP, Roodeplaat, Pretoria. 
 
6.2. Materials and methods 
 
6.2.1. Plant collection  
 
The leaves of Sutherlandia frutescens were collected from all nine treatments as 





6.2.2. Chemical analysis 
 
6.2.2.1. Preparation of plant extracts 
 
Phenolic compounds were extracted from plant materials as described by MAKKAR 
(1999) with modifications. Dried plant samples (2 g) were extracted with 10 ml of 
50% (v/v) aqueous methanol by sonication in a cold water bath for 20 min. The 
extracts were filtered through Whatman No.1 filter paper. They were transferred into 
pill vials and used in the determination of total phenolic and flavonoids. 
 
6.2.2.2. Determination of total phenolics 
 
The total phenolic contents were determined using the Folin-Ciocalteu assay as 
described by MAKKAR (1999) with slight modifications. A standard solution of gallic 
acid (Sigma-Aldrich, USA) was prepared at 0.1 mg/ml. In triplicate, 50 μl of 
methanolic plant extract were transferred into test tubes and 950 μl of distilled water 
added, to make a total of 1 ml, followed by 500 μl of 1 N Folin-Ciocalteu phenol 
reagent and 2.5 ml of 2% (w/v) sodium carbonate. A blank that contained 50% (v/v) 
aqueous methanol instead of plant extracts was also prepared. The test mixtures 
were incubated for 40 min at room temperature and after incubation the absorbance 
was determined at 725 nm using a UV-Visible spectrophotometer (Varian Cary 50, 
Australia). Total phenolic content was expressed as mg gallic acid equivalents 
(GAE). 
 
6.2.2.3. Determination of flavonoids 
 
Total flavonoids were analysed as described by HAGERMAN (2002) with 
modifications. In triplicate, 50 μl of each plant extract was made up to 1 ml with 
methanol in test tubes before adding methanolic-HCl (9:5 v/v) and 2.5 ml 1% (w/v) 
vanillin reagent. A blank that contained 50% (v/v) aqueous methanol instead of plant 
extracts were made. After incubation for 20 min at 30 oC, absorbance at 500 nm was 
read using a UV-Visible spectrophotometer. A catechin standard curve was prepared 
from freshly made 1 mg/ml catechin (Sigma-Aldrich-USA) stock solution in methanol. 
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The amount of flavonoids in the plant extracts was expressed as catechin 
equivalents (CTE), derived from the standard curve. 
 
6.2.3. Statistical analysis  
 
The data were analyzed using analysis of variance (ANOVA) and a significant 
difference between means was determined by a least significant difference (LSD) 
test (p < 0.05) using Statistica (Southern African Analytic, RSA). 
 
6.3. Results and discussion 
 
Phenolic compounds are important bioactive components of medicinal plant extracts 
that exhibit various pharmacological properties (VUNDAC et al., 2007). Their role is 
to provide mechanical strength, response to stress, and defense against pathogens 
(GORSHKOVA et al., 2000). Due to these pharmacological properties, plant 
phenolic compounds have gained increasing attention in both modern and traditional 
medicine as therapeutic compounds. The content of phenolic compounds and other 
phytochemicals present in medicinal plants is mostly influenced by genetic factors, 
cultivation, environmental conditions, as well as the degree of maturation and the 
variety of the plant (KOLEVA et al., 2002). 
 
The concentration of total phenolic and flavonoid compounds in each of the 
evaluated plant treatments are presented in Table 6.1. There was variation in the 
levels of total phenolics between different pruning and fertilizer levels. Total 
phenolics were significantly higher in heading back pruning and 200 kg/ha NPK 
(P2F1) interactions, with 9.43 mgGAE/g, while the lowest was observed in control 
plants (P0F0) with 5.10 mgGAE/g. There was a noticeable difference in the total 
phenolic content from pruned and control plants (P0F0). It was noted that recovery of 
total phenolics was significantly higher with heading back pruning (P2) conditions. It 
is assumed that pruning imparted shock to the plants and therefore increased the 
production of total phenolics. The results of this study confirmed that the content of 
chemical defense secondary metabolites may increase as a response to pruning and 
mimicked the effect of herbivory. The increase in the content of secondary 
metabolites and their distribution in the leaves after pruning may, therefore, be a 
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defense strategy. The influences of repeated pruning on increasing the content of 
secondary metabolites may be part of the plant’s defense strategy (GUTTERMAN 
and CHAUSER-VOLFSON, 2000a). The lower stress levels in unpruned plants 
might have minimized the production of secondary metabolites as, low levels of total 
phenolics were recorded in this study. The highest total phenolic content was 
obtained using 200 kg/ha NPK (F1) which probably was due to the improved 
physical properties of the soil (BLAISE, 2006). 
 
Table 6.1: Total phenolics and flavonoid concentrations of Sutherlandia frutescens 
leaf extracts in response to different pruning and fertilizer treatments. 
Treatments: P0=No pruning P1= Tip removal, P2= Heading back pruning, F0= No 
fertilizer, F1=200 kg/ha NPK and F2=100 kg/ha NPK; GAE = gallic acid equivalents; 
CTE = catechin equivalent  
 
A study by SHAIK et al. (2010) revealed the phenolic content was higher in the leaf 
extracts (in vitro and the leaves) as compared to the seed extract of S. frutescens. 
Shoots and leaves were also reported to have higher phenolic content in comparison 
to other plant parts (BERNARDI et al., 2008). Reasons for the variations in phenolic 
quantity in in vitro and field-grown leaves are said to be the result of endogenous 
degradation of some of the phenolic compounds, occurring after air exposure, as 
well as to be the result of an increase in temperature or light exposure during field 
sampling (SANTOS-GOMES et al., 2002).  
  
Treatments Total Phenolics Flavonoids 
 mgGAE/g µgCTE/g 
P0F0 5.10 ± 1.02b 1.61 ± 0.02e 
P0F1 6.15 ± 0.24ab 1.63 ± 0.01d 
P0F2 6.46 ± 0.92ab 1.69 ± 0.02bcd 
P1F0 8.51 ± 1.26ab 1.69 ± 0.01bcd 
P1F1 9.29 ± 1.46a 1.69 ± 0.02bcd 
P1F2 6.99 ± 0.34ab 1.74 ± 0.01abc 
P2F0 8.84 ± 1.43a 1.75 ± 0.01ab 
P2F1 9.43 ± 1.54a 1.76 ± 0.00a 
P2F2 7.25 ± 0.66ab 1.68 ± 0.03cd 
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Phytochemical compounds at lower concentrations have significant beneficial effects 
such as antimicrobial, antioxidant, anti-inflammatory, antiviral, antimutagenic and 
chemopreventive effects. Higher concentrations of phytochemical compounds have 
been reported to have negative physiological effects such as neurological 
dysfunction, gastrointestinal toxicity, and reproductive failure (POLYA, 2003; 
MAKKAR et al., 2007).  
 
The concentrations of flavonoids in the evaluated plant extracts, measured as 
catechin equivalents, are presented in Table 6.1. The highest levels of flavonoids 
(1.76 µgCTE/g) were found in heading back pruning treatments and 200 kg NPK/ha 
fertilizer interaction (P2F1). The flavonoid content was lower in control plants (P0F0) 
(1.61 µgCTE/g). Heading back pruning (P2) may have exerted stress on plants 
which resulted in the synthesis of more flavonoids. Pruning may have triggered the 
response mechanism in terms of increased flavonoid production (HERNANDEZ et 
al., 2009). The amount of active components in plants can be influenced by 
cultivation practices such as fertilizer levels. The use of fertilizers improve soil fertility 
and it is a logical step towards increasing production of medicinal plants. Flavonoids 
significantly increased when using 200 kg/ha NPK (F1) fertilizer application, which 
implies that physical properties of the soil or soil fertility was improved.  The 
synthesis and accumulation of flavonoids can be influenced by other factors such as 
genotype (species and variety) and ecological conditions such as locality and 
harvesting period (JIANG et al., 2007). Previous studies by HERNANDEZ et al. 
(2009) and SHAIK et al. (2010) reported flavonoids in the in vitro leaf extract to be 
significantly higher than in the field leaf extract of S. frutescens, which may be 
attributed to differences in light exposure and to the warm temperatures 
characteristic of growth chamber conditions of in vitro plant cultivation. Flavonoids 
may be responsible for the protective effect against many disease processes, such 
as cancer (WANG and MAZZA, 2002), cardiovascular and circulatory diseases 
(STOCLET et al., 2004) and diabetes (ISHIGE et al., 2001; ABDILLE et al., 2005).  
 
In this study S. frutescens plant extracts exhibited good α-glucosidase inhibitory 
activities but with low amounts of total phenolics and flavonoids. It could be possible 
that the antidiabetic activities observed could be from other secondary metabolites 





Plant secondary metabolites act as bulwark mechanisms against herbivores and 
pathogenic attack. The effects of pruning and the applications of fertilizers at 
different levels on secondary metabolites were shown to vary greatly. This 
designates the type of bioactive compounds that could be responsible for the 
antidiabetic activities. Total phenolics and flavonoid levels were higher in heading 
back pruning and lowest in unpruned plants. High phenolic concentration in pruned 
plants could suggest that pruning enhances the plant to produce more secondary 
metabolites. Total phenolics and flavonoids significantly increased when using 200 
kg/ha NPK (F1) fertilizer application. S. frutescens showed good antidiabetic 
activities with low amounts of total phenolics and flavonoids. In view of the 
antidiabetic activity observed, it is required that there should be an assessment of 
other groups of phytochemical compounds and evaluating those in vitro and in vivo 
models. The results indicate the importance of the continuity of phytochemical and 





CHAPTER 7: General conclusions 
 
Sutherlandia frutescens has a long history of medicinal use in southern Africa among 
different cultural groups. It has been widely used for treatment of various ailments 
including diabetes, stress, fever, internal cancers and more recently HIV/AIDS 
symptoms. Reports have indicated that its medicinal use originates from the Khoi-
San and Cape Dutch who used it as a tonic against stomach ailments, internal 
cancers, as well as treating wounds. It is reported that S. frutescens leaves contain 
primary and secondary metabolites, amino acids (GABA), a non-protein amino acid 
(L-canavanine), a cyclitol (pinitol) and several flavonols. The plant has a variety of 
pharmacological activities due to the presence of these compounds, providing a 
concrete support for its wide range of medicinal uses. 
 
Pruning and fertilizer levels are known to improve productivity of crops over time and 
in addition, they have also been found to influence the quality of plants. An 
experiment was conducted to determine the effect of pruning and fertilizer on growth 
of S. frutescens. Results showed no significant interaction effect amongst all 
parameters measured. However, treatment interaction P2F2 (heading back and 100 
kg/ha NPK interaction) and P0F2 (no pruning and 100 kg/ha interaction) significantly 
improved the leaf area index at week one and week two, respectively. It can be 
concluded that more effort should be employed by researchers in determining the 
optimal quantity of fertilizers and pruning techniques for growing S. frutescens. 
 
Investigation for nematodes in S. frutescens roots identified five genera of plant 
parasitic nematodes. A wilted plant had large numbers of these nematodes. The 
study revealed the presence of root-knot nematodes (M. javanica) in large numbers 
by means of morphological characteristics. Juveniles, eggs and females were 
isolated and observed. Symptoms usually associated with root-knot nematodes were 
detected on the roots of the wilted plant and in the soils where the wilted plant was 
growing. This is the first report of M. javanica and S. brachyurus being associated 
with S. frutescens. In conclusion, plants were infested by nematode communities 
already present in the soil of the field. These findings will be helpful to researchers 




The results presented in this study are the first information on pruning and fertilizer 
on α-glucosidase inhibitory activities of S. frutescens. Tested extracts of S. 
frutescens exhibited significant α-glucosidase inhibitory activity than when compared 
with acarbose that was used as a positive control. The plant may essentially contain 
bioactive compounds inhibiting enzyme activity. The study showed pruning to have 
little or no effect on the α-glucosidase inhibitory activity of S. frutescens. There was a 
significant positive effect of fertilizer on α-glucosidase inhibitory activity at the 
application rate of 200 kg/ha NPK. The investigation into the activity of leaf extracts 
showed it was affected by fertilizer level but not by pruning. S. frutescens has 
potential for application in diabetes mellitus management. However, further research 
on the effects of cultivation practices on the bioactivity of S. frutescens are required.  
 
Another study was conducted to determine the effects of pruning and organic 
fertilizer on the chemical content of S. frutescens. The results showed heading back 
pruning (P2) encouraged plants to produce more secondary metabolites, while 
secondary metabolites remained low in unpruned plants. The fertilizer rate at 200 
kg/ha NPK significantly increased secondary metabolites, compared to control 
plants. This was confirmed by high levels of total phenolics and flavonoids recorded 
with this treatment. The results showed a range of phytochemical levels among 
different pruning and fertilizer treatments but continuity on the phytochemical and 
cultivation studies, especially in the evaluation of biological activities is essential. 
 
More information is needed to decide if pruning and fertilizer affect the growth, 
medicinal content and quality of the plant. The current findings on growth parameters 
emphasized the need for an appropriate choice of fertilizer level and an adequate 
pruning method. At this stage, no recommendations can be made in terms of 
fertilizer applications and/or the best pruning treatment for growing S. frutescens, 
since the treatments did not result in any statistically significant difference for almost 
all growth parameters measured. For identification of plant parasitic nematodes, 
above-ground symptoms (stunted growth, wilting and chlorosis) and below-ground 
symptoms (galls, root rotting, necrosis and small black lesions) were very useful. 
This study will be helpful to research scholars and nematologists, and will aid in the 




In view of bioactivity, an evaluation of other groups of phytochemical compounds is 
required as there was no direct relationship between the level of phytochemicals and 
the antidiabetic activity recorded. Low amounts of phenolic and flavonoid content 
resulted in higher α-glucosidase inhibitory activity. Fertilizer alone seemed to 
increase the α-glucosidase inhibitory activity. The results of this study should 
therefore stimulate further studies of S. frutescens using other forms of cultivation in 
an attempt to increase plant growth and chemical composition, ensuring the 
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